There is evidence that active, pre-emergence maternal brood care in amphipod crustaceans may be associated with 'harsh' environmental conditions. We examined, in the rockpool amphipod Apherusa jurinei, behavioural activities that may function as a form of active brood care. Only ovigerous females showed 'curl' and 'stretch' activities, with consequent flushing of the brood pouch and cycling of the eggs therein. There was a significant decline in these activities as embryonic development advanced and brood care almost ceased when well-developed embryos showed a heart pulse and self-ventilation. We propose that this pattern of brood care reflects changes in the physiological requirements of embryos as they develop within the egg membrane. In addition, ovigerous females showed significantly higher levels of brood care under lowered oxygen conditions. They achieved this by increasing the average duration of the 'stretch' component, with other brood care components remaining constant. Thus, developmental and environmental cues alter the components of active brood care in distinct ways. Experimental removal showed that the physical presence of eggs in the brood pouch is important in controlling the expression of brood care activities. However, females with all of their eggs removed continued to brood at low levels, suggesting that a maternal state also controls brood care. The sophisticated expression of active maternal brood care in amphipods under 'harsh' environmental conditions such as rockpools has implications both for individual reproductive success and the distribution and abundance of brooding versus nonbrooding species.
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Maternal care in amphipod crustaceans involves passive carriage of embryos in an external brood pouch, from which fully developed young emerge (see Lincoln 1979). However, more active brood care activities have recently been identified in this group (Dick et al. 1998; Thiel 1999) . Postemergence care involves, for example, defence of juveniles from cannibals and predators (Aoki & Kikuchi 1991; Thiel 1997a Thiel , b, 1999 , while pre-emergence care, identified in Crangonyx pseudogracilis, involves brood ventilation, egg cycling and ejection of nonviable eggs (Dick et al. 1998) . Such pre-emergence brood care activities may be a feature of amphipods found in harsh environments (Dick et al. 1998) . Indeed, the evolution of parental care has often been linked to the pressures of 'harsh' or 'stressful' conditions (Wilson 1971 (Wilson , 1975 Clutton-Brock 1991; Trumbo 1996) , with evidence of such links in insects (Wyatt 1986; Trumbo 1996) and crustaceans (Sheader & Chia 1970; Borowsky 1980 Borowsky , 1983 Hazlett 1983; Shachak & Newton 1985; Linsenmair 1987; Diesel 1989 Diesel , 1992a Aoki 1997) .
Littoral rockpools experience wide fluctuations in physicochemical conditions such as temperature and dissolved oxygen regimes (Ganning 1971; Truchot & Duhamel-Jouve 1980; Morris & Taylor 1983) . We predicted that amphipod species that are able to ameliorate such conditions for their developing embryos may populate such pools. We observed a common rockpool species, Apherusa jurinei, and found that females show similar maternal activities to those of C. pseudogracilis (see above and Dick et al. 1998) . While broad patterns of brood care in response to internal and external cues have been described for C. pseudogracilis (Dick et al. 1998) , the responses of individual components of brood care to such cues have not been investigated. Furthermore, it is unknown whether the control of brood care activities involves the physical presence of embryos, or whether females undergo physiological change that induces parental activity, which we call a 'maternal state ' (see Elwood 1986) . In the present study, therefore, we investigated components of putative active brood care in A. jurinei with respect to developmental and environmental cues. 
